1. Introduction
===============

Gestational hypertension or pregnancy-induced hypertension (PIH) is a condition occurred in pregnant women, who develop high blood pressure (higher than 140/90 on 2 separate occasions at least 6 hours apart) after 20 weeks' gestation in the absence of urinary proteins or other signs of preeclampsia. PIH is significantly associated with an increased risk of maternal and morbidity.^\[[@R1],[@R2]\]^ As a subgroup of hypertensive disorders, PIH affects about 8% to 10% of pregnancy worldwide and leads to a variety of adverse complications (including type 2 diabetes, strokes, acute myocardial infarction, and cardiomyopathy) in both mothers and offspring.^\[[@R3]--[@R5]\]^ In the United States, PIH is the second leading cause of maternal mortality after embolism, affecting more than 250,000 cases and accounting for 15% of deaths.^\[[@R6]\]^ The great burden on medical and social expenditures highlights the need to study the risk factors that may contribute to lowering blood pressure and to the prevention of PIH.

Previous studies have demonstrated the linkage of different dietary patterns to pathological diseases, including type 2 diabetes,^\[[@R7]\]^ newly diagnosed glucose tolerance abnormalities,^\[[@R8]\]^ stroke,^\[[@R9]\]^ anemia,^\[[@R10]\]^ and breast cancer^\[[@R11]\]^ in Chinese population. In addition, the involvement of dietary patterns in hypertension was also reported. Indeed, previous studies have demonstrated protective association of vegetable-rich diets with PIH. In a Norwegian Mother and Child Cohort Study including 72,072 women, the high new Nordic diet (a vegetable-rich diet) adherence was associated with a lower relative risk of preeclampsia and of spontaneous preterm delivery among nulliparous women.^\[[@R12]\]^ In a 9 year follow-up study of 3582 women participating in the Australian Longitudinal Study on Women\'s Health, an independent protective dose-response association between prepregnancy consumption of a Mediterranean-style dietary pattern (a vegetable-rich diet) and hypertensive disorder of pregnancy risk was observed.^\[[@R13]\]^ On the contrast, in a nationally representative cross-sectional study of 23,671 Chinese adults, a body mass index (BMI)-mediated positive relationship between the traditional northern pattern diet, characterized by high intakes of wheat flour products and starchy tubers, combined with low consumption of protein products, and hypertension was also reported.^\[[@R14]\]^ Interestingly, several healthful dietary patterns have been shown to be effective in preventing hypertension in Western populations.^\[[@R15],[@R16]\]^ However, little is known about the relationship between dietary patterns and gestational hypertension in Chinese population. The purpose of this study was to determine if dietary patterns can affect the incidence of hypertensive disorders in Chinese pregnant women.

2. Subjects and methods
=======================

2.1. Ethics committee approval
------------------------------

The study has been ethically approved by the Institutional Review Ethics Committee for three hospitals in Haikou and written informed consent was obtained from all participants.

2.2. Study population
---------------------

A cross-sectional study was conducted on nulliparous pregnant Chinese women in three hospitals in Haikou, the capital of Hainan Province, south China. A total of 2580 participants aged 20 to 40 years were recruited for this study from 2013 to 2016. A stratified cluster random-sampling method which has been described in detail previously was used.^\[[@R17]\]^ Of these study samples, 1290 were with gestational hypertension and 1290 were normotensive control subjects. The control subjects were matched to the cases for age. None of these women had chronic hypertension, renal disease, diabetes mellitus and collagen vascular disorders.

2.3. Survey method
------------------

The examined parameters for the recruited individuals included blood pressure, body height, body weight, BMI. The blood pressure was measured 3 times by mercury sphygmomanometers and between the measurements, each subject was rested for 5 minutes in a seated position. BMI, a well-recognized indicator of body fat, was calculated as weight in kilograms divided by the square of height in meters.

2.4. Interviews and questionnaire
---------------------------------

A general information questionnaire was used to collect age, gender, education level, total energy intake, physical activity, area of residence, physical activity level, BMI, smoking and annual household income. A validated semiquantitative food frequency questionnaire (FFQ) including 58 food items, previously described in the 2010 China National Nutrition and Health Survey (CNNHS), was used to assess the information of nutrient intake and food consumption of pregnant Chinese women. We analyzed the spearman regression coefficients of 3-day weighed food records and relative under-reporting or over-reporting rate to investigate their correlations. In addition, these food items were divided into 17 food groups based on the nutritional characteristics of food in diet. Participants were asked to indicate the frequency of each food item during the first 5 month of pregnancy starting from around week 22 of gestation. The frequency of food intake was divided into nine categories: never eat, \<1 time/month, 1 to 3 time(s)/month, 1 to 2 time(s)/week, 3-4 times/week, 5 to 6 times/week, 1 time/day, 2 times/day, and 3 times/day. The amount of consumption in the unit of Liang (1 Liang = 50 g) were obtained from subjects.^\[[@R14],[@R18]\]^ The validity of the FFQ used in this study for assessing the food consumption and nutrient intake of Chinese adults was described previously.^\[[@R19]\]^

2.5. Dietary patterns
---------------------

The food that did not fit a distinctive food group, for instance, eggs, tea, and coffee, have been defined as individual categories. The validity and reliability of this FFQ has been examined. The loading high factors have been used to define for each dietary pattern.^\[[@R18],[@R20]\]^ The food groups were classified as follow: rice; coarse grains, steamed bun/noodles, tubers (potatoes), fresh vegetables and fruits, pickled vegetables, mushrooms, red meat, processed and cooked meat, fish and shrimp, seafood, bacon and salted fish, miscellaneous bean, bean sauce, fats/oils, fast foods(pizza and hamburgers), snacks, and chocolates. A factor analysis of this 20 predefined food groups was used to generate dietary patterns.

2.6. Statistical analysis
-------------------------

Statistical analyses were performed with the Statistical Product and Service Solutions (SPSS) version 16.0 (SPSS Inc., Chicago, IL). Dietary patterns in the FFQ were identified by using factor analysis. The model was controlled for sex, age, economic status, physical activity, education level, BMI, and energy intake. Continuous variable factors were shown as mean ± standard deviation (SD) and categorical variable factors were shown as percentages of the sum. The significance of categorical variables was determined by Chi-square test. Dietary factor scores were categorized into four quartiles for each dietary pattern. Quartile 4 was a high consumption level and quartile 1 was a low consumption of this pattern.

3. Results
==========

Four dietary patterns out of the 20 investigated food groups, including animal pattern, traditional Chinese pattern, western pattern and high-salt pattern, were selected by factor analysis as described above. The correlation among the variables was sufficiently strong for a factor analysis. Table [1](#T1){ref-type="table"} showed the factor-loading matrixes for dietary patterns. The 4 dietary patterns accounted for 37.3%.

###### 

Factor-loading matrix for dietary patterns: Freshmen (n = 2580) Aged 20 to 40 years.
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The general characteristics of all participants were shown in Table [2](#T2){ref-type="table"}. Hypertensive disorders of pregnancy (HDPs) were more likely to occur in participants who are less educated and overweight. The characteristics of participants according to quartile (Q) categories of different dietary patterns were shown in Table [3](#T3){ref-type="table"}. Participants in the high Western pattern score were younger and had higher income and education level. Participants with high high-salt score had lower education level and income compared to those of the participants with low high-salt score.

###### 

The characteristics of all participants were shown.
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###### 

Characteristics of participants according to quartile (Q) categories of different dietary pattern.
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After adjusting for living area, income, educational level, physical activity level, obesity and energy intake, participants receiving high-salt pattern diets had higher systolic blood pressure (r = 0.110, *P* \< .05). However, no significant association between the diet patterns and hypertension was observed in groups of animal pattern, traditional Chinese pattern and western pattern (r = 0.045, 0.078, 0.069, respectively, *P* \> .05).

4. Discussion
=============

PIH includes preeclampsia and gestational hypertension, which is reported to be associated with the development of hypertension and cardiovascular disease later in life.^\[[@R21],[@R22]\]^ Pregnancy complications may initiate vascular damage alter metabolism, or lead to a high risk of future disease such as systemic inflammation and endothelial dysfunction.^\[[@R23],[@R24]\]^ In this study of Chinese pregnancy women, we identified the four dietary patterns during the first half pregnancy and systematically investigated their association with hypertension. After adjusting the living area, income, educational level, physical activity level, obesity, and energy intake, we showed that the high-salt food pattern was significantly associated with hypertension. However, no linkage with hypertension was observed for animal pattern, traditional Chinese pattern and Western pattern.

To our knowledge, this is the first investigation to study the association between pregnancy dietary patterns and HDPs. Previous studies have shown that higher blood pressure level in northern pattern than the southern pattern foods.^\[[@R18],[@R25]\]^ The dietary factors explained the north-south pattern diet differences in hypertension. Obesity was also an risk factor for atherosclerosis.^\[[@R26]\]^ In the Western populations, the Western dietary pattern was associated with increased risk of hypertension.^\[[@R27]\]^ However, we did not found the association between the blood pressure and Western pattern in the nulliparous pregnant Chinese women.

The salty diet characterized in our investigation was partially similar with the diet patterns used in the Norwegian study and supports the hypothesis that less healthy diets serve as risk factors of PIH. A recent study also found that dietary patterns might be associated with the risk of pregnancy-related complications in three major dietary patterns such as western dietary pattern, traditional dietary pattern, and healthy dietary pattern.^\[[@R28]\]^ Pregnancy is a physiological condition associated with a reduced adaptation of aldosterone to changes in Na^+^ intake, and any changes in sodium intake would alter aldosterone, a hormone previously described beneficial in pregnancy. As demonstrated in previous study, aldosterone is a prerequisite for adequate plasma volume expansion, a condition required for adequate placental perfusion and fetal growth.^\[[@R29]\]^ In another study, both gestational hypertension and preeclampsia were found to be associated with high triglycerides, low high-density lipoprotein cholesterol and high systolic blood pressure.^\[[@R30]\]^ Compared to the healthy pregnancy, plasma renin and angiotensin II changed in dietary salt intake in hypertensive pregnancies, indicating the changes of Renin-Angiotensin-Aldosterone system were the reason for PIH.^\[[@R31]\]^

5. Conclusion
=============

In this study, we found that the high-salt food pattern was significantly associated with hypertension in pregnancy. However, no linkage with hypertension was observed for animal pattern, traditional Chinese pattern and Western pattern. There are limitations in this study. First, we did not take diet during prepregnancy into account. Some evidence from previous investigations suggested that women might have minimal change in diet from before to during pregnancy.^\[[@R32],[@R33]\]^ Second, we did not investigate the reason induced the changes of pregnant Chinese women. Third, pregnancy-related complications are associated with increased risks of adverse outcomes for mother and her infant, but the influence of PIH induced by salt diet on the offspring remained unknown. Therefore, the next step will be to formally resolve above problems.
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